Abstract: Cassava is becoming increasingly important as an industrial raw material in China. However, an insufficient supply of cassava raw materials and the expanding demand for cassava in downstream-processing industries restricts the development of the cassava industry in China. This paper studies how to increase the scale of cassava planting and promoting cassava production efficiency using output-oriented Data Envelopment Analysis (DEA) modeling. Overall Technical Efficiency (OTE), Pure Technical Efficiency (PTE), and Scale Efficiencies (SE) of the cassava-production system in the major cassava production areas of China are calculated using Variable Returns to Scale (VRS). Results reveal that, in addition to the Guangdong province, the OTE of Guangxi, Hainan, Fujian, Yunnan, and Jiangxi is inefficient, with an OTE of less than 1. The largest cassava-planting province, Guangxi, has the lowest SE with 0.551. The PTE of Guangxi is close to the minimum with 0.344. The OTE of Guangxi is also the lowest among the five provinces with 0.190. This study also presents ways to improve production efficiency. Results reveal that Guangxi has a large ratio of transverse adjustment on average. In the Guangxi province, 1.70% of the service cost and 1.72% of the labor cost need to be eliminated to keep the current output scale. Meanwhile, service and labor costs need to be reduced by 3164.85 and 3209.92, respectively, to achieve the best production efficiency. Further industrialization and large-scale cassava cultivation, increased yield, and strengthened cooperation with the Association of South East Asian Nations (ASEAN) and Africa are suggested as policy options to improve the cassava system in China.
Introduction
Cassava (Manihot esculenta Crantz) is a species of tropical plant found in Asia, Africa, and South America [1] . It is a multipurpose crop with applications including fodder, biofuels, textiles, paper, adhesives, sweeteners, glues, and plywood [2] . Economic development and the advancement of industrial technology have changed the development of cassava from a food crop to an industrial raw material and energy crop. Additionally, in Africa and South America, more than two-thirds of the total production of cassava is consumed daily [3] . Cock [3] also suggests that dried cassava is the cheapest energy source in large areas of the lowland tropics. From feedstock production (source) to fuel combustion, Hu et al. [4] assess the net energy, the external cost of carbon dioxide (CO 2 ) emissions, and the cost of using cassava-based ethanol as an alternative automotive fuel based on its holistic lifecycle. Their research shows that the net energy yield of cassava-based ethanol is found to be 0.37 MJ/MJ, i.e., about 49% that of conventional gasoline. They conclude that cassava-based ethanol has great potential in the future. However, its cultivation is increasing worldwide, mainly for human domestic tapioca and alcohol industry, also pushes the price up. Secondly, the price of cassava is deeply influenced by output. After 2012, the general output and price showed the same downward momentum. In contrast, strong demand arises from the birth of several domestic ethanol producers, thus causing the price to rise. Thirdly, cassava price is also influenced by imported cassava raw material. The imported cassava keeps the price relatively stable in China. The establishment of the China-Asian Free Trade Zone (CAFTA) after 2010, which promotes trading cooperation between China and Southeast Asian countries, has also especially affected the price. Table 1 is the cassava supply and demand balance in China. Resource: FAOSTAT [10] .
As one of the big cassava producers, China's cassava cultivation-process management is extensive but there is a gap between output per unit area and other advanced countries. At the same time, due to the rapid growth in demand for domestic cassava, the development of cassava planting lags behind in China. The imports of cassava in China have been increasing year by year, with an increasing dependence on foreign countries [11] . No significant increase has been found in planting area, yield, or production output from 2009 to 2014 in China. But, as one of the most important industrial raw materials, downstream-processing-industry demand has increased. Table 1 shows that China-produced cassava of 1,860,000 tons only meets 17% raw-material demand and 83% of the cassava required must be imported from Thailand, Vietnam, and other ASEAN countries. The importing of cassava starch with high quality and low price, on the one hand, inhibits the price of domestic tapioca starch and, on the other hand, suppresses the motivation of farmers. The contradiction between the shortage of the supply of cassava raw materials and the increasing demand for cassava raw materials in the downstream-processing industry has become the bottleneck of the development of the cassava industry in China.
It can be seen from this analysis that China's cassava industry has entered a state of stagnation. One of the problems of the cassava industry in China is the contradiction between the insufficient supply of cassava raw materials and the expanding demand for cassava raw materials in the downstream-processing industry. The main purpose of this study is the evaluation of cassava-production efficiency of the six provinces, and to propose solutions for how to promote cassava-production efficiency. The rural survey has been conducted at the six major provinces (Guangxi, Guangdong, Hainan, Yunnan, Fujian, and Jiangxi) of cassava planting from the end of 2013 to the beginning of 2014, choosing sales income as the variable output and production material cost, machine cost, and labor cost as variable input. Based on output-oriented and constructing a Data Envelopment Analysis (DEA) [12] model of Variable Returns to Scale (VRS), Overall Technical Efficiency (OTE), Pure Technical Efficiency (PTE), and Scale Efficiency (SE) of cassava production in the main area of China will be measured. In simple terms, PTE indicates how far from optimal the process of converting inputs to outputs is, where optimal production is considered as producing maximum output using minimum input. SE is a measurement of efficiency related to size, and overall technical efficiency is a product of SE and PTE. These measurements will be used to identify ways to improve the efficiency of cassava production in these six provinces (Guangxi, Guangdong, Hainan, Yunnan, Fujian, and Jiangxi).
Literature Review
With the cassava industry's continued development in the world, more and more research results have appeared.
In terms of cassava application, Jiang et al. [13] use a biochemical-process model to evaluate the bioenergy potential of cassava on marginal land. They suggest that cassava is one of the most promising plants for ethanol-fuel production in the tropics and subtropics. In China, plant-based bioenergy has to be developed on marginal land to avoid impacting food security. In the view of plant-based bioenergy, the research results show that the extraction of land resources should also consider the growth requirements of cassava, including temperature, precipitation, soil, topography, and so on. In order to assess the sustainable development of bioenergy from cassava, Jiang et al. [14] find that land resources that were suitable for the development of cassava bioenergy have continuously decreased in China since 1990. After considering changes to land use, climate, and water footprint, they point out that Guangxi is the most suitable place to develop cassava bioenergy, followed by Fujian, Guangdong, and Yunnan. On the view of world food security, Kolawole et al. [15] conclude that an increase in the production of cassava to sustain world food security needs improved machinery to allow its continuous cultivation and processing in Nigeria. On the one hand, mechanization can increase cassava output; on the other hand, they suggest producing a cassava variety with a regular shape for easy harvesting and mechanization. Poku, Birner, and Gupta [16] use a comparative case-study approach of a public and private cassava grower scheme in Ghana and focus on rapidly developing domestic value chains in Africa's emerging bioeconomy. They conclude that firms' capacity and commitment to design contracts with embedded support services for growers are essential to smallholder participation and the long-term viability of these arrangements. Public-private partnerships in grower schemes can present a viable option that harnesses the strengths of both sectors and overcomes their institutional weaknesses.
In terms of a research indicator, many factors can potentially affect profit efficiency in agriculture. Oladeebo and Oluwaranti [17] define profit inefficiency as profit loss as a result of not operating on the profit frontier given farm specific prices and resource base. Abdulai and Huffiman [18] propose factors that explain profit inefficiencies in the tropical agricultural sector, including nonfarm employment, education, credit availability, the average age of the head of the household, distance to market, and regional dummies. In order to gain a deeper understanding of the factors influencing the poverty of farmers in Nigeria, Amao and Awoyemi [19] use the Foster-Greer-Thorbecke [20] poverty measure and Totib regression model to analyze the cassava industry. The results show that the gender, age, extension, crop yield, marital status, labor force, input, and education status are the factors influencing the adoption of cassava-seed varieties, while family size and cassava yield are the main factors determining whether farmers adopt the improved varieties. Awoyinka [21] analyzes the importance of effective policy supporting the sustainable development of the cassava industry in Nigeria. The conclusions are, on one hand, that government should provide farmers with relevant information to promote the domestic cassava market circulation; and, on the other hand, that government needs to strengthen the technical training of farmers to improve farmers' planting level. Awoyinka [21] shows that cassava supply mainly depends on the price of the previous year, while price is related to the government's commitment to income security programs and plans. With the development of cassava ethanol fuel, the demand for cassava is also growing rapidly. As the research result of Yang and Huang [22] showed, one of the key factors affecting the cultivation of cassava is the cultivated land area and nonagricultural employment status. Another key factor affecting the yield of cassava is the application of fertilizer, varieties, and the adoption of high-yield technology. Due to the rapid development of the cassava ethanol-processing industry in China, Yang and Huang [22] suggest that raising the yield is one of the ways to solve the shortage of cassava raw material supply and the key factors affecting cassava yield are fertilizer application status, varieties, and high-yield technology. They also point out that the key factor affecting farmers' cassava planting is the cultivated land area of farmers.
In terms of research approach, different methodologies have been used on cassava production efficiency. However, few studies use an output-oriented DEA model of VRS approach to measure the production efficiency of cassava in the main producing areas from the perspective of output. This paper addresses this gap and provides a novel and useful analysis. Awerije and Rahman [23] use a DEA model to study profitability, technical, cost, and allocative efficiencies of cassava production. Results show that cassava production is profitable and the overall profit margin is 1.93. Mean levels of technical, cost, and allocative efficiencies are low, which are estimated at 40%, 29%, and 73%, respectively. Meanwhile, Awerije and Rahman [23] focus on the technical and SE of the cassava-production system in Delta State, Nigeria. Their study examines the level of technical and scale efficiencies of the cassava production system of 278 cassava farmers in Delta State by applying a two-stage DEA approach. Results reveal that PTE is significantly lower at the production stage, 0.41, vs. 0.55 for the processing stage, but SE is high at both of the stages, implying that productivity can be improved substantially by reallocation of resources and adjusting operation size. Ji, Fu, and Min [24] use Cobb-Douglas production function analysis input-output status of Guangxi, Guangdong, Hainan, Yunnan, Fujian, and Jiangxi provinces. Most of these studies focus on the influencing factors of production efficiency, such as education, gender, and land area. The approach of two-stage DEA and Cobb-Douglas production function are used in the research.
Methodology
The research of agricultural productivity and efficiency is useful in making decisions on how to increase productivity within a region. DEA or Stochastic Frontier Analysis (SFA) is one of the main analysis methods that can be used in frontier-technique analysis. Marinoni [25] suggests that the method of DEA or SFA helps to better target potential investments if policies and investments are targeted at increasing efficiency and productivity within a region.
Production Frontiers
Normally, production-technology relationships are often described with production-possible sets. The production-possible sets are the set of all feasible inputs and output vectors under the established production technology. It shows the relationship among the three elements of input, output, and technology in the process of production. The function is specified as follows:
where x is input of production factors, y is output, L(y) is all the sets of possible inputs, P(x) is all the sets of possible output, and T is the specific technical level. Under the condition of determining production factors and the price of output, an effective production state is the maximization of output and minimization of input. The hypersurfaces in the space formed by all the active production sites (x, y) are called the production frontiers in the sets of possible production.
Technical Efficiency (TE)
Farrell first proposed the use of production frontiers to measure production efficiency. The calculation of TE is based on the production frontiers. The formula is:
Technical efficiency = Actual output/Production frontiers.
There are two approaches to estimate the production frontier: one is parameter-type function and the other is nonparametric functions. The parameter approach needs to assume the function form of the production function, and the nonparametric method does not. Aiger and Chu [26] adopted the first suggestion of Farrell, and created SFA. On the basis of Farrell's research, Charnes, Cooper, and Rhodes [27] created the DEA approach, and first adopted this method to research production efficiency.
Output-Oriented of VRS-DEA Modeling
DEA is a type of data-oriented performance-evaluation approach that measures each Decision Making Unit (DMU) with multiple inputs and multiple outputs. DEA can be categorized into two kinds of DEA models: Constant Returns to Scale (CRS), and Variable Returns to Scale (VRS). TE of CRS is the overall comparison between resource-allocation efficiency and resource-utilization efficiency of those DMUs. TE of VRS refers to the production efficiency influenced by the factors like management and technology. The research shows that the increment of Total Factor Productivity (TFP) comes from the improvement of both technology and efficiency. SE unveils the gap between the real scale and the optimal scale of the production.
DEA model can be categorized into two types according to different perspectives of input and output for the research. One is input-oriented and the other is output-oriented. Of these two, the former gives the definition of scale-down production frontiers when output is invariable, while the latter gives the definition of scale-up production frontiers when the input is invariable. Actually, both of them present measurement analysis for the same questions, though in two different perspectives of input and output. Therefore, they share the same production frontiers and a very slight difference for the efficiency value after measurement [28] . Considering the one-year data collected for this research, the output-oriented VRS of the DEA model is adopted in the analysis because people dealing with cassava production always put the maximized output as the priority when input is at a fixed level.
In order to measure cassava output production efficiency clearly, the output-oriented DEA model was chosen. Let N represents the number of DMUs, each DMU has K input factors produce and M outputs, production-possible collection are T v and T n , and calculating the i DMU's relative efficiency value. Output-oriented of VRS of DEA modeling is as follows:
where SA and SB are the slack variables, ε is the perturbation, λ is the unit vector of N × 1, and β is the relative efficiency of DMUs. β [0, 1]. When β equals 1, DMU is efficient and DMU is on the production frontiers. At the same time, the DMU cannot create more output when the input is determined. Input quantity cannot be reduced if output is determined. When β < 1, the DMU is inefficient. Meanwhile, its change also reflects the influence placed on TFP by increasing input. OTE represents the technology efficiency when the returns to scale stay unchanged. In contrast, PTE refers to the Technical Efficiency when the returns to scale fluctuate. The relationship between OTE, PTE, and SE is OTE = PTE × SE. When OTE = 1, it shows that, if the output and input of DMUs are efficient, PTE and SE are efficient as well. When PTE = 1, it shows that at the current technological level, the use of its input resources is efficient. The fundamental reason for its failure to achieve comprehensive and effective results is that its scale is invalid. Therefore, focus is needed on how to make better use of its scale efficiency.
Data and Research Area
For the whole project, first-hand information was collected on the production of the major cassava-producing areas in Guangxi, Guangdong, Hainan, Yunnan, Fujian, Jiangxi (the output of cassava in these six provinces accounts for 97% of China). Distribution of respondents in each province is shown in Table 2 . The data were collected between December 2013 and February 2014 in the six provinces studied. During the research, 450 questionnaires were handed out and 321 of them were returned and made available for the research. The questionnaires mainly dealt with four aspects: the basic information of the families, the output of cassava and its production costs, the sales performance of cassava, and the production organizations. Excel was used to process the data of basic information of the respondent's family. The processed data are shown in Table 3 . In addition to Guangdong, farmers whose cassava-planting income accounted for 18% of total household income were also selected as research samples (Guangdong is a developed province in China and farmers have many other sources of income. Therefore, the income from planting cassava is diluted by other incomes). Except Guangdong and Fujian, we chose cassava-planting land to account for more than 27% of household-owned land in other provinces. So, research samples are effective and reasonable. N/A* Only two out of 30 returned questionnaires were completed including the total household income and cassava-planting income from Jiangxi Province, which cannot be used as effective statistical data in this research.
Input-Output Analysis of Cassava Production in Six Provinces
The input set and output set were built before VAR modeling was run. For research indicators, the net income originating from selling cassava is utilized in the output index, while the costs for materials and services on each hectare of land and costs for labor are utilized in the input index. In the meanwhile, indicators that can reflect technological progress were chosen, such as varieties and fertilizers. (The materials and services contain varieties, fertilizers, pesticides, fuel energy while labor was needed for sowing, real tillage, harvest, and straw burning). Fertilizers and pesticides were used here as part of the input indicators because they have a great impact on the output of cassava. The cost of labor is used here as another part of input indicators because the increased cost for human labor, caused by urbanization, also places a huge influence on the production efficiency. The cost of seeds is not considered to be part of the input indicators. This is because the influence seeds have on output efficiency is hard to assess as farmers usually utilize the seed stems left from the previous year for production. In summary, one output indicator and two input indicators are used in the research with six provinces functioning as DMUs to achieve the freedom of DMU choices and to comply with features of the same type. Table 4 shows that Guangdong is the province with the best production efficiency of output and input. It outperforms other provinces with a total production cost of 7447.35 Yuan/ha, and output of 33.53 Tons/ha. Guangxi is the province with the highest cost and top-two output of cassava planting. Hainan is the province with the highest output, the highest sales income, and top-two production cost. Fujian is the province with the lowest production cost, the lowest sales income, and the lowest output. The data are helpful to measure cassava production efficiency in five provinces. 
Results and Discussion

The Basic Results
Looking at cassava-planting input-output analysis of Table 4 in Section 3.5 and output-oriented VAR of Section 3, DEAP2.1 [29] was used to measure the planting cost of cassava among the six provinces. In the procedure, those external factors, such as environment and CPI, are excluded from consideration of its influence on the research result. Summary statistics of the sample farms were presented in Table 3 in Section 3.4.
In Table 5 , for the six provinces, only Guangdong DEA is efficient. OTE, PTE, and SE in Guangdong all stand at 1, which is on the production frontiers. They represent optimal efficiency and thus become the benchmark for the other five provinces. The highest output of cassava in Guangdong is 1,267,065 Yuan; the lowest cost for materials and services is 186.566 Yuan; and the lowest cost for human labor is 393.178 Yuan. The data show the universality of Guangdong province's input efficiency and output efficiency in its cassava production and 12670.65 is the best output target. The other five provinces have decreased returns to scale or states in which there exists no or very low technology efficiency, along with the start of relaxation in both input and output. A phenomenon of this kind reflects an irrational structure of input and output that exists in these five provinces.
In terms of PTE of five provinces, Yunnan is the lowest with 0.302, and PTE of Guangxi is 0.344. PTE of Hainan is lower than Guangdong with 0.625. In terms of SE of the five provinces, the largest cassava-planting province, Guangxi, is the lowest SE with 0.551, and the SE of Fujian is relatively optimal with 0.764. Among them, Guangxi's OTE stands at the lowest level of 0.189. The data show that enlarged production scale is needed to promote the SE and OTE, with the current input staying unchanged. It shows that the cassava-production efficiency and planting management in Guangxi need to be improved. Compared with Guangxi, Fujian, Yunnan, Hainan's OTE is highest with 0.387, but it is still lower than 1; DEA is nonefficient.
In summary, in order to achieve the desired OTE in Guangxi, Yunnan, Hainan, Fujian, and Jiangxi, one of the strategies is expanding the production scale under the existing investment. The farther PTE is from the standard value 1, the larger output scale needs to be adjusted.
How to Improve TE
When DMUs are nonefficient, the improvement measures can be found through the projection of each DMU on the production frontier (X*, Y*).
In order to make each DMU to be efficient, adjustments to output and input (∆X 0 , ∆Y 0 ):
After adjusting DMUs, the input and output (X*, Y*) is pure technology effective. In fact, that is an effective way to improve the nonefficient DMUs, and provide policy suggestions for policy-makers.
Using DEAP 2.1, the output redundancy of each DMU was analyzed, and further proposed the efficiency improvement scheme in Table 6 . In Table 6 , the radial adjustment value refers to the proportionately increased quantity that is needed for all the output elements when technology efficiency is improved to 1. The transverse adjustment value refers to the decreased quantity that is needed for all the input elements after the relative reference value is taken into consideration. The transverse adjustment ratio equals the absolute value of transverse adjustment divided by the original value.
In terms of the radial adjustment value, provinces with lower technology efficiency have a larger radial adjustment value, which means that higher proportionately increased quantity is needed for output elements. The transverse adjustment value must be proportionately decreased to keep the current output scale in each province. That is to say, the optimal production efficiency must be achieved with less input. Hainan performs better among these five provinces with its technology efficiency standing at 0.625, while Yunnan has the worst performance among these five provinces with its technology efficiency standing at 0.302. The radial adjustment value of Hainan is 4750.95 and the radial adjustment ratio is 0.37% while the radial adjustment value of Yunnan province is 8839.85 and the radial adjustment ratio is 0.70%. The data show that the optimal production efficiency can be reached in Hainan and Yunnan provinces only after the output elements in these two provinces respectively reach 4750.95 and 8839.85.
In terms of transverse adjustment value in five provinces, it can be concluded that an irrational structure exists in Guangxi, Yunnan, Hainan, Fijian, and Jiangxi. If the current scale of output is kept unchanged, then the optimal production efficiency can be achieved only after some of the input elements are removed. Among the elements, the cost of labor is a stable factor when it comes to consider the effect placed on the production efficiency. Table 3 shows that the highest cost for labor, which needs to be decreased in Hainan province, is 4949.96 with its adjustment ratio at 2.65%, and service cost needs to be decreased 1150.95 with its adjustment ratio at 0.62%.
In terms of transverse adjustment ratio, the technology efficiency in Fujian province is closest to the reference value. It means that Fujian's OTE is the best one in the five provinces, and it is closest to the best technology efficiency value 1. Fujian has the lowest value of transverse adjustment with its adjustment ratio of materials and services standing at 0.31% and 0.94%, and only needs a decreased service cost and labor cost with 575.40 and 1750.87. Last but not least, in Guangxi, the biggest province for cassava production, CET only achieves 0.34, has a large ratio of transverse adjustment on average, and service and labor cost stands at 1.71%. This shows that 1.70% of the services cost and 1.72% of the cost for labor need to be eliminated to keep the current output scale in Guangxi province. Meanwhile, service and labor costs need to be reduced by 3164.85 and 3209.92 to achieve the best production efficiency.
Conclusions and Implications on Policy
Cassava Cultivation Industrialization and Large-Scale Cultivation
If the agriculture-production department, which mainly deals with input elements, wants to improve the production efficiency of cassava, they will achieve optimal production efficiency when the production scale and output improves. Therefore, enhanced field management, high-quality seeds, and improved cultivation methods are needed for a larger output of cassava and decreased cost of input. Cassava production on a large scale and industrialization will help a lot in maximizing the output when input stays unchanged.
Increase the Yield by Further Improving Cultivation Technology
OTE, PTE, and SE of five provinces are inefficient. Meanwhile, Guangxi, as a major cassava-producing province, still has room to improve its efficiency of input and output. In Yunnan province and Jiangxi province, the costs for labor are lower and the marginal land resources are larger. These advantages can be utilized and give these two provinces the best potential for large-scale cassava production. Another suggestion is that China should attach more emphasis on technology to improve the cassava industry, satisfy processing demand for raw materials by constructing a raw-material base, and incentivize farmers financially.
Strengthen Cooperation with ASEAN and Africa
African and ASEAN countries have superior natural resources for cassava planting, and a low-cost labor pool. In Africa, cassava is gradually becoming a cash crop for urban consumption, and being used as a livestock feed and industrial raw material [30] . In Thailand, farmers have a strong tradition of cassava cultivation. With limited land resources in China, it is difficult to expand the area of cassava cultivation. However, China can take advantage of the superior resources of Africa and ASEAN to strengthen cooperation with the major producers of cassava in Africa and ASEAN, encourage Chinese enterprises to invest abroad, develop the cassava industry, and subsequently feed the cassava processing industry in China.
Future Research
There are some limitations that need to be studied further in future research. Quantitative analysis is sometimes insufficient. Due to the limits of the data, this research does not further the quantitative research of the price relationship among fresh tapioca starch, cassava modified starch, cassava alcohol and cassava fuel ethanol. Another future research direction is to analyze the impact the price of cassava has on the whole cassava industry. On the other hand, the research scope could be widened as well. In this paper, a microlevel study of the development of the Chinese cassava industry is used, but a macro view could also be used. Under the background of the Chinese "one belt one road" strategy, studying the mode of industrialization development and the effect of the Chinese "one belt one road" strategy on the cassava industry could be done in the future. Another limitation is the lack of up-to-date public data on cassava production, especially with respect to the cost. This is the reason why the data for this study are limited to 2014. However, it would have been more insightful if recent data were available.
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